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JOB QUEUE MANAGEMENT SYSTEM AND 
METHOD THEREOF, INCLUDING 

CLUSTERING WAFER LOTS PROCESSED 
BY COMMON RECIPE INTO GROUP, AND 
CREATING PROCESS JOB AND CONTROL 

JOB 

BACKGROUND 

The present invention relates to job queue management 
technology, and more particularly, to a method and system 
of job queue management in Wafer fabrication. 
A conventional semiconductor factory typically includes 

requisite fabrication tools to process semiconductor Wafers 
for a particular purpose, employing processes such as pho 
tolithography, chemical-mechanical polishing, or chemical 
vapor deposition. During manufacture, the semiconductor 
Wafer passes through a series of process steps, performed by 
various fabrication tools. For example, in the production of 
an integrated semiconductor product, the semiconductor 
Wafer can pass through up to 600 process steps. 

The Wafers are typically stored in containers, such as 
cassettes, each of Which holds up to 25 Wafers. The cassettes 
are then loaded in carriers, such as standard mechanical 
interfaces (SMIFs) or front opening uni?ed pods (FOUPs) 
for transport throughout the factory. A carrier may contain 
multiple Wafer lots to undergo a fabrication task. A prepa 
ration is performed When changing process recipe. For 
example, an implanter must spend 10 minutes beam tuning 
and subsequently another 10 minutes in to implant ions upon 
25 Wafers. Conventionally, fabrication tools use much time 
repeatedly performing preparations even When Wafer lots 
corresponding to a common recipe, are interlaced in a carrier 
or multiple carriers. For example, if four Wafer lots, such as 
“lot1”, “lot2”, “lot3” and “lot4”, may require sequential 
implantation according to “recipe1”, “recipe2”, “recipe1” 
and “recipe2”, tWenty minutes Will be Wasted performing 
redundant beam tunings. 

In vieW of these limitations, a need exists for an apparatus 
and method of job queue management that arranges process 
jobs according to common recipes, thereby reducing prepa 
ration time. 

SUMMARY 

It is therefore an object of the present invention to provide 
a system and method of j ob queue management that arranges 
process jobs according to common recipes, thereby reducing 
preparation time. 

According to an embodiment of the invention, the system 
includes a job queue management apparatus and a fabrica 
tion tool. 

The fabrication tool typically performs a single Wafer 
fabrication task on the Wafers in a given lot. The Wafer 
fabrication task is performed according to a prede?ned 
procedure (i.e., a predetermined set of steps or “recipe”). 
When changing recipe, the fabrication tool performs a 
preparation task. A process job is provided to associate With 
one or more Wafer lots and specify a particular recipe. A 
control job With relevant priority is provided to manage the 
process job sequence. When executing a process job, a 
process job start event is provided to the job queue man 
agement apparatus. 

The job queue management apparatus includes a central 
processing unit (CPU), memory, a storage device, an input 
device, a display device and a communication device. The 
CPU is controlled by instructions from the memory and an 
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2 
operator through the input device, and executes job queue 
management functions correspondingly. 

The memory preferably includes a job initiation module 
and a job rearrangement module, Which include routines to 
perform job queue management functions. 
The object of the job initiation module is to create and 

arrange the process and control job order, thus enabling the 
fabrication tool to process Wafer lots utiliZing a common 
recipe. The detection of common recipes can be achieved by 
a “RecipeID” identity or a “RecipeVariableList” list. The job 
initiation module acquires Wafer lot information regarding 
Which speci?c Wafers require processing by Which recipe 
from a manufacturing execution system (MES) or a com 
puter integrated manufacturing (CIM) system. The job ini 
tiation module clusters Wafer lots processed by a common 
recipe into a common process program (CPP) group and 
creates a process job containing Wafer lots in the CPP group. 
A control job containing at least one process job With 
priority is created. The control jobs are arranged in descend 
ing order according to the control job priorities. 
The job rearrangement module acquires a current recipe 

after receiving a process job start event from the fabrication 
tool. The job rearrangement module acquires all control jobs 
and process jobs thereWith. A control job containing a 
common recipe is detected by comparing the currently 
performed recipe. The detected control job With priority 
equaling that of the current control job, is moved to the top 
of job queue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The aforementioned objects, features and advantages of 
this invention Will become apparent by referring to the 
folloWing detailed description of the preferred embodiment 
With reference to the accompanying draWings, Wherein: 

FIG. 1 is a diagram of the architecture of the system for 
job queue management according to the present invention; 

FIG. 2 is a diagram of the architecture of the job queue 
management apparatus according to the present invention; 

FIGS. 3a, 4a and 5a are schematic diagrams of fabrication 
tools illustrating three embodiments of the present inven 
tion; 

FIGS. 3b, 4b and 5b are schematic diagrams of the job 
queue illustrating three embodiments of the present inven 
tion; 

FIG. 6 is a ?owchart shoWing the method of job queue 
management according to the present invention; 

FIG. 7 is a diagram of a storage medium for a computer 
program providing the method of job queue management 
according to the invention. 

DESCRIPTION 

FIG. 1 is a diagram of the architecture of the system for 
job queue management according to the present invention. 
According to the invention, the system includes a job queue 
management apparatus 10 and a fabrication tool 21. 
The fabrication tool 21 typically performs a single Wafer 

fabrication task on the Wafers in a given lot. For example, a 
particular fabrication tool may perform layering, patterning, 
doping, implanting or heat treatment operations on the 
Wafers. In a preferred embodiment described hereafter, the 
fabrication tool 21 provides softWare services compliant to 
300 mm semiconductor equipment and material intema 
tional (SEMI) standard specifying transport protocol, mes 
sage format and functionality. A process job is provided for 
association With one or more Wafer lots and to specify a 
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particular recipe, and a control job With relevant priority is 
provided to manage the process job sequence. When execut 
ing a process job, an E40 event indicating a process job start 
is introduced by SEMI, such as “E40:P1_SettingUp 
ToExec”, “E40:P1_WaitingStartToExec” or others, is sent to 
the job queue management apparatus 10. 

FIG. 2 is a diagram of the architecture of the job queue 
management apparatus according to the present invention. 
The job queue management apparatus 10 includes a central 
processing unit (CPU) 11, memory 12, a storage device 13, 
an input device 14, a display device 15 and a communication 
device 16. The CPU 11 is connected by buses 17 to the 
memory 12, storage device 13, input device 14, display 
device 15 and communication device 16 based on Von 
Neumann architecture. The CPU 11, memory 12, storage 
device 13, display device 15, input device 14 and commu 
nication device 16 may be conventionally incorporated to a 
mainframe computer, a mini-computer, a Workstation com 
puter, a host computer, a personal computer, or a mobile 
computer. 

The CPU 11, controlled by instructions from the memory 
12 and an operator through the input device 14, executes job 
queue management functions. The storage device 13 can be 
implemented as a database system, a ?le, or the like. 

The memory 12 is preferably a random access memory 
(RAM), but may also include read-only memory (ROM) or 
?ash ROM. The memory 12 preferably includes a job 
initiation module 121 and a job rearrangement module 122, 
Which include routines to perform job queue management 
functions. 

The object of the job initiation module 121 is to create and 
arrange the process and control job order, thus enabling the 
fabrication tool 21 to process Wafer lots performed by a 
common recipe. The detection of common recipes can be 
achieved by a “RecipeID” identity or a “RecipeVariableList” 
list. The job initiation module 121 acquires Wafer lot infor 
mation regarding Which speci?c Wafers require processing 
by Which recipe from a manufacturing execution system 
(MES) (not shoWn) or a computer integrated manufacturing 
(CIM) system (not shoWn). The job initiation module 121 
clusters Wafer lots processed by a common recipe into a 
common process program (CPP) group and creates a process 
job containing Wafer lots in the CPP group by executing an 
E40 service introduced by SEMI, such as “E40: 
Sl6F3_Pr1obCreate”, “E40zSl6Fll_PR1obCreateEnh” or 
others. A control job With a priority associated With at least 
one process job is created by executing an E94 service, such 
as “E94:Sl4F9_C1Create” or others. The control jobs are 
arranged in descending order according to control job pri 
orities. 

The job rearrangement module 122 receives an E40 event 
indicating a process job start, such as “E40:P1_SettingUp 
ToExec”, “E40:P1_WaitingStartToExec” or other, from the 
fabrication tool 21. After that, a currently performed recipe 
is acquired from the fabrication tool 21 by executing an E39 
service, such as “E39:Sl4Fl_GetP1” or others. The job 
rearrangement module 122 acquires all control jobs by 
executing an E39 service, such as “E39:Sl4Fl_GetAllC1” 
or others, and process jobs thereWith by executing an E39 
service, such as “E39:Sl4Fl_GetP1” or others. A control job 
containing a common recipe is detected by comparison With 
the currently performed recipe. The detected control job 
With priority equaling that of the current control job is 
moved to the top of job queue by executing an E94 service, 
such as “E94:Sl6F27_C1HOQ” or others. 

Three preferred approaches, namely single-carrier opti 
miZation, multi-carrier optimiZation and precedence optimi 
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4 
Zation, are described hereafter for job queue rearrangement. 
FIGS. 3a, 4a and 5a are schematic diagrams of fabrication 
tools illustrating three embodiments according to the present 
invention. The fabrication tool 21 loads tWo carriers 22 and 
23, Wherein the carrier 22 contains four Wafer lots, 221, 222, 
223 and 224 Which are processed by recipe “PPID1”, 
“PPID2”, “PPID1” and “PPID2” respectively, and the car 
rier 23 also contains four Wafer lots, 231, 232, 233 and 234 
Which are processed by recipe “PPID1”, “PPID2”, “PPID1” 
and “PPID2” respectively. FIGS. 3b, 4b and 5b are sche 
matic diagrams of the job queue according to the three 
embodiments of the present invention. 

In the single-carrier optimiZation approach, referring to 
FIG. 3a, Wafer lots are clustered according to different 
recipes and carriers into CPP groups by the job initiation 
module 121. Subsequently, four process jobs, such as “P11”, 
“P12”, “P13” and “P14”, respectively containing lots {221, 
223}, {222, 224}, {231, 233}, and {232, 234}, are created 
by the job initiation module 121, and tWo control jobs, such 
as “C11” and “C12”, respectively containing process jobs 
{P11, P12} and {P13, P14} are created for each carrier. 
Therefore, referring to FIG. 3b, When the fabrication tool 21 
sequentially executes process jobs “P11”, “P12”, “P13” and 
“P14”, the fabrication task is sequentially performed upon 
Wafer lots 221, 223, 222, 224, 231, 233, 232 and 234. While 
fabrication tool 21 performs preparations eight times for 
each recipe change according to the conventional arrange 
ment, using this approach, preparation tasks are only per 
formed at the beginning of each process job. 

In the multi-carrier optimization approach, referring to 
FIG. 4a, Wafer lots are clustered according to different 
recipes and carriers into CPP groups by the job initiation 
module 121. Four process jobs, such as “P11”, “P12”, “P13” 
and “P14”, respectively containing lots {221, 223}, {222, 
224}, {231, 233} and {232, 234} are created by the job 
initiation module 121, and four control jobs, such as “C11”, 
“C12”, “C13” and “C14”, are respectively created for each 
process job. When the job rearrangement module 122 
receives the process job “P11” event from the fabrication 
tool, it detects a control job “C13” containing a common 
process recipe and moves the control job “C13” to the top of 
the job queue, enabling the fabrication tool 21 to subse 
quently execute the control job “C13”. Therefore, referring 
to FIG. 4b, When the fabrication tool 21 sequentially 
executes process jobs “P11”, “P13”, “P12” and “P14”, and 
the fabrication tasks are sequentially performed upon Wafer 
lots 221, 223, 231, 233, 222, 224, 232 and 234. Using this 
approach, the fabrication tool 21 only performs tWo prepa 
rations at the beginning of process jobs “P11” and “P12”. 

In the precedence optimiZation approach, referring to 
FIG. 5a, Wafer lots are clustered according to different 
recipes and carriers by the job initiation module 121 into 
CPP groups. Four process jobs, such as “P11”, “P12”, “P13” 
and “P14”, respectively containing lots {221, 223}, {222, 
224}, {231, 233} and {232, 234} are created by the job 
initiation module 121, and four control jobs, such as “C11”, 
“C12”, “C13” and “C14”, are respectively created for each 
process job. The job initiation module 121 sets a priority for 
each control job according to Wafer carrier/lot information 
from the manufacturing execution system (MES) (not 
shoWn). For example, priorities of control jobs, such as 
“C11”, “C12”, “C13” and “C14”, are set to l0, 10, l and 1 
respectively. The job initiation module 121 rearranges the 
control jobs in descending order according to the priorities. 
Therefore, referring to FIG. 5b, When the fabrication tool 21 
sequentially executes process jobs “P13”, “P14”, “P11” and 
“P12”, the fabrication task is performed upon Wafer lots 231, 
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233, 232, 234, 221, 223, 222 and 224. Using this approach, 
the arrangement of Wafer lots considers not only common 
recipes but also priority. 

FIG. 6 is a ?owchart showing the method of job queue 
management according to the present invention. The method 
begins in step S611 by acquiring Wafer lot information 
regarding Which speci?c Wafers require processing by Which 
recipe from a manufacturing execution system (MES) (not 
shoWn). In step S621, Wafer lots processed by a common 
recipe are clustered into a common process program (CPP) 
group. Process jobs containing Wafer lots in the CPP group 
are created in step S622, and each process job corresponds 
to the CPP group. Control jobs associated With at least one 
process job With priorities are created in step S623 and 
rearranged in descending order according to control job 
priorities in step S624. 

Subsequent to the initiation, the process proceeds to step 
S631 to receive a process job start event from the fabrication 
tool 21. In step S632, a current process recipe is acquired 
from the fabrication tool 21. In step S633, a control job 
containing common recipe is detected by comparison With 
the currently performed recipe. Whether the priority of the 
detected control job equals that of the current process job is 
determined in step S641, if so, the process proceeds to step 
S642; and otherWise, proceeds to step S643. In step S642, 
the detected control job is moved to the top of the job queue. 
Whether the job queue is empty is determined in step S643, 
and if so, the process is complete; otherWise, the process 
proceeds to step S631. 

The invention additionally discloses a storage medium 
storing a computer program providing the disclosed method 
of job queue management, as shoWn in FIG. 7. The computer 
program product includes a storage medium 70 having 
computer readable program code embodied in the medium 
for use in a computer system, the computer readable pro 
gram code comprising at least computer readable program 
code 721 acquiring Wafer lot information regarding Which 
speci?c Wafers require processing by Which recipe from a 
MES or a CIM system, computer readable program code 722 
creating a CPP group containing Wafer lots Which are 
processed by a common recipe, computer readable program 
code 723 creating a process job corresponding to a CPP 
group, computer readable program code 724 creating a 
control job corresponding to a process job, computer read 
able program code 725 rearranging control jobs according to 
priorities thereof in descending order, computer readable 
program code 726 receiving a process job start event from 
a fabrication tool, computer readable program code 727 
acquiring a current process recipe from a fabrication tool, 
computer readable program code 728 detecting a control job 
containing a common recipe by comparison With the cur 
rently performed recipe and computer readable program 
code 729 moving the detected control job to the top of the 
queue if its priority equaling that of the current process job. 

The methods and system of the present invention, or 
certain aspects or portions thereof, may take the form of 
program code (i.e., instructions) embodied in tangible 
media, such as ?oppy diskettes, CD-ROMS, hard drives, or 
any other machine-readable storage medium, Wherein, When 
the program code is loaded into and executed by a machine, 
such as a computer, the machine becomes an apparatus for 
practicing the invention. The methods and apparatus of the 
present invention may also be embodied in the form of 
program code transmitted over some transmission medium, 
such as electrical Wiring or cabling, through ?ber optics, or 
via any other form of transmission, Wherein, When the 
program code is received and loaded into and executed by a 
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6 
machine, such as a computer, the machine becomes an 
apparatus for practicing the invention. When implemented 
on a general-purpose processor, the program code combines 
With the processor to provide a unique apparatus that oper 
ates analogously to speci?c logic circuits. 

Although the present invention has been described in its 
preferred embodiments, it is not intended to limit the inven 
tion to the precise embodiments disclosed herein. Those Who 
are skilled in this technology can still make various alter 
ations and modi?cations Without departing from the scope 
and spirit of this invention. Therefore, the scope of the 
present invention shall be de?ned and protected by the 
folloWing claims and their equivalents. 
What is claimed is: 
1. A system of job queue management, comprising: 
a fabrication tool; and 
a job queue management apparatus con?gured to acquire 

a plurality of Wafer lot records individually regarding a 
plurality of Wafers processed by a common recipe, 
cluster the Wafer lots processed by the common recipe 
into a group, create a process job corresponding to the 
group and store the process job in a job queue of the 
fabrication tool, Wherein the job queue management 
apparatus creates a control job corresponding to the 
process job, stores the control job in the job queue of 
the fabrication tool, receives an event indicating start 
ing a neW process job from the fabrication tool, 
acquires an executed recipe corresponding to the neW 
process job, and moves the control job containing the 
process job performing the common recipe common to 
the executed recipe to the top of the queue of the 
fabrication tool. 

2. The system of claim 1 Wherein the Wafer lot records are 
acquired from a manufacturing execution system (MES) or 
a computer integrated manufacturing (CIM) system. 

3. The system of claim 1 Wherein the job queue manage 
ment apparatus creates a control job corresponding to all 
process jobs Within a carrier, and stores the control job in the 
job queue of the fabrication tool. 

4. The system of claim 1 Wherein the job queue manage 
ment apparatus creates a control job corresponding to the 
process job and a priority thereof, stores the control job in 
the job queue of the fabrication tool, and arranges the control 
job according to the priority thereof. 

5. The system of claim 1 Wherein the fabrication tool 
provides a plurality of services compliant to a 300 mm 
semiconductor equipment and material international (SEMI) 
standard. 

6. The system of claim 5 Wherein the job queue manage 
ment apparatus creates the process job corresponding to the 
group by executing the service, creates a control job corre 
sponding to all process jobs Within a carrier by executing the 
service, and stores the control job in the job queue of the 
fabrication tool by executing the service. 

7. The system of claim 5 Wherein the job queue manage 
ment apparatus creates a control job corresponding to the 
process job and a priority thereof by executing the service, 
stores the control job in the job queue of the fabrication tool 
by executing the service, and arranges the control job 
according to the priority thereof by executing the service. 

8. A method of job queue management, the method 
comprising using a computer to perform the steps of: 

acquiring a plurality of Wafer lot records individually 
regarding a plurality of Wafers processed by a common 
recipe; 

clustering the Wafer lots processed by the common recipe 
into a group; 
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creating a process job corresponding to the group; 
storing the process job in a job queue of a fabrication tool, 
creating a control job corresponding to the process job; 
storing the control job in the job queue of the fabrication 

tool; 
receiving an event indicating starting a neW process job 

from the fabrication tool; 
acquiring an executed recipe corresponding to the neW 

process job; and 
moving the control job containing the process job per 

forming the common recipe common to the executed 
recipe to the top of the queue of the fabrication tool. 

9. The method of claim 8 Wherein the Wafer lot records are 
acquired from a manufacturing execution system (MES) or 
a computer integrated manufacturing (CIM) system. 

10. The method of claim 8 further comprising the steps of: 
creating a control job corresponding to all process jobs 

Within a carrier; and 
storing the control job in the job queue of the fabrication 

tool. 
11. The method of claim 8 further comprising the steps of: 
creating a control job corresponding to the process job 

and a priority thereof; 
storing the control job in the job queue of the fabrication 

tool; and 
arranging the control job according to the priority thereof. 
12. The method of claim 8 Wherein the fabrication tool 

provides a plurality of services compliant to a 300 mm 
semiconductor equipment and material international (SEMI) 
standard. 

13. The method of claim 12 further comprising the steps 
of: 

creating the process job corresponding to the group by 
executing the service; 

creating a control job corresponding to all process jobs 
Within a carrier by executing the service; and 

storing the control job in the job queue of the fabrication 
tool by executing the service. 

14. The method of claim 12 further comprising the steps 
of: 

creating a control job corresponding to the process job 
and a priority thereof by executing the service; 

storing the control job in the job queue of the fabrication 
tool by executing the service; and 

arranging the control job according to the priority thereof 
by executing the service. 

15. A machine-readable storage medium storing a com 
puter program Which When executed performs a method of 
job queue management, the method comprising the steps of: 

acquiring a plurality of Wafer lot records individually 
regarding a plurality of Wafers processed by a common 
recipe; 

clustering the Wafer lots processed by the common recipe 
into a group; 
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8 
creating a process job corresponding to the group; 
storing the process job in a job queue of a fabrication tool; 
creating a control job corresponding to the process job; 
storing the control job in the job queue of the fabrication 

tool; 
receiving an event indicating starting a neW process job 

from the fabrication tool; 
acquiring an executed recipe corresponding to the neW 

process job; and 
moving the control job containing the process job per 

forming the common recipe common to the executed 
recipe to the top of the queue of the fabrication tool. 

16. The machine-readable storage medium of claim 15 
Wherein the Wafer lot records are acquired from a manufac 
turing execution system (MES) or a computer integrated 
manufacturing (CIM) system. 

17. The computer-readable storage medium of claim 15, 
Wherein the method further comprises the steps of: 

creating a control job corresponding to all process jobs 
Within a carrier; and 

storing the control job in the job queue of the fabrication 
tool. 

18. The computer-readable storage medium of claim 15, 
Wherein the method further comprises the steps of: 

creating a control job corresponding to the process job 
and a priority thereof; 

storing the control job in the job queue of the fabrication 
tool; and 

arranging the control job according to the priority thereof. 
19. The computer-readable storage medium of claim 15 

Wherein the fabrication tool provides a plurality of services 
compliant to a 300 mm semiconductor equipment and 
material international (SEMI) standard. 

20. The computer-readable storage medium of claim 19, 
Wherein the method further comprises the steps of: 

creating the process job corresponding to the group by 
executing the service; 

creating a control job corresponding to all process jobs 
Within a carrier by executing the service; and 

storing the control job in the job queue of the fabrication 
tool by executing the service. 

21. The computer-readable storage medium of claim 19, 
Wherein the method further comprises the steps of: 

creating a control job corresponding to the process job 
and a priority thereof by executing the service; 

storing the control job in the job queue of the fabrication 
tool by executing the service; and 

arranging the control job according to the priority thereof 
by executing the service. 

* * * * * 


